The aim of this study was to explore the value of the ratio of mitral peak filling velocity (E) to mitral annular velocity (e') in early diastole as a predictor of coronary artery disease (CAD).
Background
Diastolic dysfunction has been shown to be valuable in predicting the development of evident heart failure and all-cause mortality [1] [2] [3] . Echocardiography, as a non-invasive technique, is the most common technique clinically employed for evaluating left ventricular (LV) diastolic function. In routine echocardiographic examination, tissue Doppler imaging (TDI) can provide measurements of the early mitral filling peak velocity of blood flow (E) and early diastolic mitral annular velocity (e'), and the ratio of these measurements (E/e') is widely regarded to be a non-invasive substitute for LV diastolic function [4] [5] [6] [7] . The early diastolic e' determined by TDI can be used to represent LV myocardial relaxation, and the E/e' ratio, together with the mitral peak early filling velocity E, is recommended for determination of the LV diastolic function by the ASE and the European Society of Cardiology (ESC) [8, 9] .
An E/e' ratio <8 is normal, and a value >15 indicates the presence of diastolic dysfunction, in which E is faster due to elevated filling pressures and e' is slower due to increased left ventricular stiffness. Diastolic dysfunction generally occurs prior to systolic dysfunction in coronary artery disease (CAD) [10, 11] , and the early determination of diastolic dysfunction in advance of the emergency of LV ejection fraction (LVEF) decline might facilitate the prediction of CAD. Although a study previously reported that LV diastolic abnormalities evaluated by Doppler echocardiography can predict myocardial infarctionlinked mortality and morbidity [12] , and known or suspected CAD with preserved EF [13, 14] , the diagnostic accuracy of noninvasively determined diastolic function has not been well investigated. Specifically, whether the E/e' ratio determined by TDI can be used to predict CAD has remained unclear. We hypothesized that the E/e' ratio is closely associated with CAD and can be used as a predictor of CAD. Therefore, we examined the predictive value of the E/e' ratio for CAD in patients undergoing routine echocardiography.
Material and Methods
The study protocol conformed to the ethics principles regarding human experimentation of the Declaration of Helsinki and was approved by the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University, Xinjiang Uygur Autonomous Regions, China. The study was carried out in compliance with the approved guidelines.
Patients
Eighty-three consecutive adult patients (61 men and 22 women, age 38-77 years), who had already been diagnosed with coronary atherosclerosis or were suspected of CAD by coronary angiography in the First Affiliated Hospital of Xinjiang Medical University in China, were recruited from December 20, 2013 to July 31, 2014 for this study. Conventional two-dimensional (2D) and three-dimensional (3D) echocardiographic examinations were carried out for all participants. The inclusion criteria were: 1) typical angina and atypical chest pain; and 2) abnormal finding in an ECG with ST-T changes. Patients who had 1 or more of the following were excluded from our study: 1) spastic angina pectoris; 2) cardiac failure; 3) recent infection within 2 weeks; 4) adrenal or thyroid abnormality; 5) cardiomyopathy, valvular heart disease, or congenital heart disease; and 6) arrhythmia such as atrial fibrillation, atrial flutter, or frequent ventricular ectopy.
Clinical measurements and data collection
Blood pressure readings were taken routinely using hematomanometer at the participants' arms. Average blood pressure values were obtained from 3 independent readings. Fasting blood glucose (FBG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), and triglycerides (TG) levels were detected using a chemical analyzer (Roche Diagnostics, COBAS 8000).
A standardized questionnaire was used to assess the status of cigarette and alcohol use. No smoking in the past and at present was recorded as "never smoking". A smoking status that included both past and present smoking was recorded as "smoking". Alcohol intake was categorized as "never drinking" and "drinking", the latter of which included both past and present drinking of more than 50 g/week of alcohol [15] .
Coronary angiography
Angiography was used to evaluate coronary artery stenosis and diagnose CAD. Briefly, coronary angiography was carried out using a radial approach with 6F catheters (30 frames/s) with the injection of isosorbide dinitrate (ISDN; 2.5 mg/5 ml solution injected over 20 s), according to the Judkins technique [16] . Independent investigators visually assessed the luminal narrowing in multiple segments on coronary angiograms as recommended by the American Heart Association/ American College of Cardiology classification of the coronary tree. Significant CAD was defined as >50% stenosis in at least 1 major epicardial coronary artery, and controls were determined by <50% stenosis of all the major epicardial coronary arteries [17] . Classification of coronary atherosclerosis was performed according to the Gensini scoring system based on the degree of coronary artery luminal narrowing and the corresponding geographic significance. Briefly, a Gensini score of 1 represented a decrease in the lumen diameter by 25% with the roentgenographic appearance of atherosclerotic plaques. Accordingly, Gensini scores of 2, 4, 8, 16 , and 32 represented decreases in the lumen diameter by 50%, 75%, 90%, 99%, and complete occlusion, respectively. The primary vascular parts were given the following multipliers according to the myocardial region functional importance as previously described [18] : 1) ×5 for the left main coronary artery; 2) ×2.5 for the proximal segments of both the circumflex artery and the left anterior descending coronary artery (LAD); 3) ×1.5 for the midsegment of the LAD; 4) ×1 for the obtuse marginal artery, the posterolateral artery, the distal segment of the LAD, and the right coronary artery; and 5) ×0.5 for the others.
Echocardiography
According to the guidelines of the American Society of Echocardiography (ASE), participants underwent cardiac echocardiographic examination including 2D spectral Doppler, color Doppler flow, and TDI separately [19, 20] using a Vivid E9 instrument (GE Medical Systems, Horten, Norway). Echocardiograms were digitally documented and analyzed using the digital analysis system (Echo PAC BT112 software, GE Vingmed Ultrasound AS).
The LV end-diastolic diameter (LVDd) and LV end-systolic diameter (LVDs) were measured using M-mode echocardiography. The LV end-diastolic volume (EDV) and LV end-systolic volume (ESV) were calculated automatically through an adjusted Simpson's method from the apical 2-chamber and 4-chamber views, respectively. The LVEF was calculated using the following equation: EF=(EDV-ESV)/EDV×100%. The transmitral flow velocity was recorded from the sample volume at the mitral leaflet tips. The early diastolic filling peak velocity (E) and atria filling peak velocity (A) were recorded, and the ratio of E to A (E/A) was computed. Myocardial tissue velocities at different sites of the mitral annulus were determined by TDI at the long-axis from the 4-chamber view. The early diastolic mitral annular velocity (e') and late diastole (a') were measured, and average values were obtained from 5 incessant beats. The E/e' ratio was also computed [21] .
Statistical analyses
The Statistics Package for Social Sciences (ver. 16.0; SPSS Inc., Chicago, IL, USA) was used to analyze the significance of the data. Four groups of patients were established based on quartile readings of the E/e' ratio as the cut-off points. Hence, each group had a similar sample size to minimize the potential sample collection bias. Normally distributed data including systolic blood pressure (SBP), diastolic blood pressure (DBP), age, TC, HDL-c, LDL-c, TG, LVDd, LVEF, E, A, e', a', and E/e' are expressed as mean ± standard deviation (SD) and were compared among groups by 1-way analysis of variance (ANOVA) followed by independent-samples t tests. The skewed FBG, E/A, LVDs, and Gensini score data are presented as median (quartile range) and were compared using the Kruskal-Wallis test and MannWhitney U Test. Differences in categorical variables, including drinking status, smoking status, and sex, were analyzed by the chi-square test. The Pearson and Spearman 2-way correlation test was employed to evaluate correlations between 2 quantitative variables. Receiver operator curve (ROC) analysis was also conducted to evaluate the ability of the E/e' ratio and other traditional risk factors for predicting CAD [22] , and univariate and multiple logistic regression analyses were used to identify independent predictors of E/e'. A p value <0.05 indicated significance.
Results

Comparison of basic clinical characteristics between groups
The demographic, clinical, and echocardiographic characteristics of the patients in each group are shown in Table 1 . Significant differences were observed between the CAD and control groups in terms of sex (p=0.024), HDL-c (p=0.045), LVDd (p=0.030), e' (p=0.033), and E/e' (p=0.031), although the average E/e' in CAD subjects was higher than that in control participants (9.218±3.098 vs. 7.895±2.298; Figure 1 ).
Comparison of basic clinical and echocardiographic characteristics between groups divided by E/e' quartiles
The E/e' values of the study participants ranged from 4.17 to 18.25 with a median value of 8.00 (quartile range, 6.67-10.63). The demographic, clinical, and echocardiographic characteristics of the participants in groups based on the quartile values of the E/e' ratio are shown in Table 2 . The results indicated significant differences in the distributions of age (p=0.013), HDL-c (p=0.040), LVDd (p=0.039), E (p=0.000), A (p=0.016), E/A (p=0.035), and e' (p=0.000) between the groups, and the incidence of CAD (p=0.036) differed significantly between the groups.
Pearson or Spearman correlations between E/e' and other demographic, clinical, and echocardiographic characteristics
The Pearson or Spearman correlation analysis results for associations between E/e' and other demographic, clinical, and echocardiographic characteristics are presented in Table 3 . The analysis showed that E/e' was positively associated with age (r=0.350, p=0.001), SBP (r=0.269, p=0.014), TC (r=0.231, p=0.035), TG (r=0.217, p=0.049), FBG (r=0.300, p=0.006), E (r=0.440, p=0.000), and A (r=0.310, p=0.004) (Figure 2) , and E/e' was inversely associated with e' (r=-0.742, p=0.000).
ROC curve analysis of the predictive value of E/e' for CAD
To further explore the applicability of E/e' relative to classical risk factors as a potential diagnostic biomarker of CAD, ROC analyses were performed, and the results are shown in Table 4 Figure 5 ). The optimal cut-off Table 1 . The characteristics of the subjects with and without CHD.
CHD -coronary heart disease; HDL-c -fasting high-density lipoprotein cholesterol; LDL-c -fasting low-density lipoprotein cholesterol; SBP -systolic blood pressure; BP -diastolic blood pressure; LVDd -LV end-diastolic diameter; LVDs -LV end-systolic diameter; LVEF -the LV ejection fraction, the peak velocity of early rapid filling; A -atrial filling velocity; E/A -E wave/A wave ratio; e' -the peak velocities during early diastole; a' -the peak velocities during late diastole; E/e' -mitral flow E wave velocity/lateral annular e' wave velocity by TDI. Table 5 .
Identification of potential risk factors for CAD by univariate logistic regression analysis
The potential for variables compared between the CAD and control groups to serve as risk factors for CAD was assessed by univariate logistic regression analysis ( Table 2 . Age and clinical and biochemical characteristics in patients grouped according to E/e' using quartile values as cut-off points.
CHD -coronary heart disease; HDL-c -fasting high-density lipoprotein cholesterol; LDL-c -fasting low-density lipoprotein cholesterol; SBP -systolic blood pressure; BP -diastolic blood pressure; LVDd -LV end-diastolic diameter; LVDs -LV end-systolic diameter; LVEF -the LV ejection fraction, the peak velocity of early rapid filling; A -atrial filling velocity; E/A -E wave/A wave ratio; e' -the peak velocities during early diastole; a' -the peak velocities during late diastole; E/e' -mitral flow E wave velocity/lateral annular e' wave velocity by TDI.
Determination of risk factors for CAD by multivariate logistic regression analysis
Potential CAD risk factors were determined by multivariate logistic regression (forward: conditional method HDL-c -fasting high-density lipoprotein cholesterol; LDL-c -fasting low-density lipoprotein cholesterol; LVDd -LV end-diastolic diameter; LVDs -LV end-systolic diameter; LVEF -the LV ejection fraction, the peak velocity of early rapid filling; A -atrial filling velocity; E/A -E wave/A wave ratio; e' -the peak velocities during early diastole; a' -the peak velocities during late diastole; E/e' -mitral flow E wave velocity/ lateral annular e' wave velocity by TDI. Table 4 . Receiver operating characteristic curve analyses in subjects with CHD and controls.
CI -confidence interval; AUC -area under the receiver operating characteristic curve; SBP -systolic blood pressure; DBP -diastolic blood pressure; HDL-C -high-density lipoprotein cholesterol; LDL-C -low-density lipoprotein cholesterol; CHD -coronary heart disease; LVDd -LV end-diastolic diameter; LVDs -LV end-systolic diameter; LVEF -LV ejection fraction, the peak velocity of early rapid filling; A -atrial filling velocity; E/A -E wave/A wave ratio; e' -the peak velocities during early diastole; a' -the peak velocities during late diastole; E/e' -mitral flow E wave velocity/lateral annular e' wave velocity by TDI. AUC >0.5 and p<0.05 indicates the levels in patients with CHD higher than in controls.
Discussion
The present study demonstrated the following major findings: 1) the E/e' ratio differed significantly between CAD patients and control participants, and thus was closely associated with CAD; and 2) the E/e' ratio is a simple and practical predictor of CAD with an optimum cut-off point of 8.153 resulting in a specificity of 72.4% and sensitivity of 57.4%.
To investigate the correlation between the E/e' and CAD, we performed a multivariate logistic regression analysis to identify whether E/e' was an independent predictor for CAD in our study population. After refinement for other risk factors, we found that the risk of developing CAD increased by 35.0% with every quartile increase in E/e' (OR, 1.350; 95% CI, 1.087-1.676, p=0.007). Thus, our findings indicate that the E/e' ratio may be an independent predictor of CAD. Table 5 . The optimal cut-off and the Youden index of E/e' and traditional risk factor.
E/e' -mitral flow E wave velocity/lateral annular e' wave velocity by TDI; HDL-C -high-density lipoprotein cholesterol; LVDd -LV enddiastolic diameter; e' -the peak velocities during early diastole.
Characteristic
All subjects Table 6 . Univariate logistic regression for the presence of obstructive CHD.
CHD -coronary heart disease; HDL-c -fasting high-density lipoprotein cholesterol; LDL-c -fasting low-density lipoprotein cholesterol; SBP -systolic blood pressure; DBP -diastolic blood pressure; LVDd -LV end-diastolic diameter; LVDs -LV end-systolic diameter; LVEF -the LV ejection fraction; E -the peak velocity of early rapid filling; A -atrial filling velocity; E/A -E wave/A wave ratio; e' -the peak velocities during early diastole; a' -the peak velocities during late diastole; E/e' -mitral flow E wave velocity/lateral annular e' wave velocity by TDI.
According to the recommendations of the ASE and ESC, an E/e' lateral >12, E/e' mean >13, and E/e' septal >15 represent an elevated LVFP and diastolic dysfunction, whereas an E/e' <8 represents normal LVFP and diastolic function. If E/e' is >8 but <12-15, another echocardiographic index is needed for appraisal of LVFP and diastolic function [8, 9] . ROC curve analysis in the present study showed that the optimal cut-off for the E/e' ratio was 8.153 for the prediction of CAD, and the corresponding specificity and sensitivity values were 72.4% and 57.4%, respectively. These findings are in agreement with those of previous studies. Moreover, the present study suggests that an E/e' <8 is not only an indicator of normal LVFP and diastolic function, but also may be an indicator of CAD.
An advantage of our investigation is that coronary angiography and echocardiography were used for the assessment of CAD and the E/e' ratio, respectively. However, several limitations were present in this investigation and need to be acknowledged. For example, our study had a small sample size; hence, studies in large cohorts are needed to confirm our observations. Furthermore, due to the cross-sectional design of our study, we cannot infer definite cause-effect relationships. Finally, the pathogenesis of the overt correlation between the E/e' ratio and CAD was not explored; therefore, the underlying mechanisms explaining how the E/e' ratio can predict CAD warrant further investigation in the future.
Conclusions
In summary, we have identified the E/e' ratio as a simple and practical predictor of CAD, and our results indicate that the E/e' ratio can serve as an independent risk factor for diagnosing CAD. Future studies in large cohorts are required to confirm our observations.
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CHD -coronary heart disease; LDL-c -fasting low-density lipoprotein cholesterol; E/A -E wave/A wave ratio; E/e' -mitral flow E wave velocity/lateral annular e' wave velocity by TDI.
